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(54) Stent for attaching a graft to a blood vessel 

(57) An anastomosis stent assembly (10) for con- 
necting one end of a graft vessel to a target vessel, com- 
prises: 

an outer flange (11) configured to be positioned ad- 
jacent an outer surface of the target vessel, having 
a body (12) defining an opening (13) configured to 
receive the end of the graft vessel; and 

an inner flange (14) connectable to the outer flange 
(11), having a body (15) defining an opening (16), 
and being configured to be positioned adjacent an 
inner surface of the target vessel, to provide fluid 
communication between a lumen of the graft vessel 
and a lumen of the target vessel, wherein the inner 
flange (14) is separable from the graft vessel. 




FIG. 3 



Q. 

LU 



Printed by Jouve, 75001 PARIS (FR) 



EP1 149 567 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention generally relates to devices and 
methods for performing a vascular anastomosis, and 
more particularly to stents for securing a graft vessel to 
a target vessel. 

[0002] Vascular anastomoses, in which two vessels 
within a patient are surgically joined together to form a 
continuous channel, are required for a variety of condi- 
tions including coronary artery disease, diseases of the 
great and peripheral vessels, organ transplantation, and 
trauma. For example, in coronary artery disease (CAD), 
an occlusion or stenosis in a coronary artery interferes 
with blood flow to the heart muscle. In order to restore 
adequate blood flow to the heart, a graft vessel in the 
form of a prosthesis or harvested artery or vein is used 
to reroute blood flow around the occlusion. The treat- 
ment, known as coronary artery bypass grafting (CA- 
BG), can be highly traumatic to the patient's system. 
[0003] In conventional CABG a large incision is made 
in the chest and the sternum is sawed in half to allow 
access to the heart. In addition, cardiopulmonary by- 
pass, in which the patient's blood is circulated outside 
of the body through a heart-lung machine, is used so 
that the heart can be stopped and the anastomosis per- 
formed. In order to minimize the trauma to the patient's 
system induced by conventional CABG, less invasive 
techniques have been developed in which the surgery 
is performed through small incisions in the patient's 
chest with the aid of visualizing scopes. Less invasive 
CABG can be performed on a beating or a non-beating 
heart and thus may avoid the need for cardiopulmonary 
bypass. 

[0004] In both conventional and less invasive CABG, 
the surgeon has to suture the graft vessel in place be- 
tween the coronary artery and a blood supplying vein or 
artery. The suturing procedure is a time consuming, dif- 
ficult process requiring a high level of surgical skill. In 
order to perform the suturing procedure, the surgeon 
must have relatively unobstructed access to the anas- 
tomotic site within the patient. As a result, in less inva- 
sive approaches which provide only limited access to 
the patient's vessels, some of the major coronary ves- 
sels cannot be reached adequately, which can result in 
incomplete revascularization and a resulting negative 
effect on patient survival. Moreover, certain target ves- 
sels, such as heavily calcified coronary vessels, vessels 
having a very small diameter of less than about 1 mm, 
and previously bypassed vessels, may make the sutur- 
ing process difficult or impossible, so that a sutured 
anastomosis is not possible. 

[0005] Additionally, a common problem with CABG 
has been the formation of thrombi and atherosclerotic 
lesions at and around the grafted artery, which can result 
in the reoccurrence of ischemia. Moreover, second op- 
erations necessitated by the reoccurrence of arterial oc- 



clusions are technically more difficult and risky due to 
the presence of the initial bypass. For example, sur- 
geons have found it difficult to saw the sternum in half 
during the next operation without damaging the graft 
5 vessels from the first bypass which are positioned be- 
hind the sternum. 

[0006] Therefore, it would be a significant advance to 
provide a sutureless vascular anastomosis in which the 
graft vessels can be positioned on a variety of locations 

10 on target vessels having a variety of different diameters, 
which is easily performed, and which minimizes throm- 
bosis associated with the anastomosis. The present in- 
vention satisfies these and other needs. 
[0007] This object is solved by the anastomosis stent 

15 assembly of independent claims 1,15 and 21 . Further 
advantageous aspects and details of the invention are 
evident from the dependent claims the description and 
the drawings. 

[0008] The invention is directed to anastomotic stents 
20 for connecting a graft vessel to a target vessel, and 
methods of use thereof. The anastomotic stents of the 
invention are suitable for use in a variety of anastomosis 
procedures, including coronary artery bypass grafting. 
The term "target vessel" refers to vessels within the pa- 
ss tient which are connected to either or both of the up- 
stream and the downstream end of the graft vessel. One 
embodiment of the invention comprises a large vessel 
anastomotic stent for use with large diametertarget ves- 
sels such as the aorta or its major side branches. An- 
30 other embodiment of the invention comprises a small 
vessel anastomotic stent for use on a target vessel 
which has a small diameter such as a coronary artery. 
Another aspect of the invention involves applicators for 
use with the stents of the invention. The terms "distal" 
35 and "proximal" as used herein refer to positions on the 
stents or applicators relative to the physician. Thus, the 
distal end of the stent is further from the physician than 
is the stent proximal end. The proximal end of an im- 
planted stent is further from the center of the target ves- 
40 sel lumen than is the stent distal end. 

[0009] The large vessel anastomotic stents of the in- 
vention generally comprise a substantially cylindrical 
body having a longitudinal axis, an open proximal end, 
an open distal end, a lumen therein, and at least one 
45 deformable section which radially expands to form a 
flange. The stent, with one end of a graft vessel attached 
thereto, is inserted into an incision in a wall of the target 
vessel with the deformable section in a first configura- 
tion, and the deformable section is radially expanded to 
so a second configuration to deploy the flange. The flange 
applies an axial force, substantially aligned with the 
stent longitudinal axis, against the wall of the target ves- 
sel. Additionally, the flange is configured to apply a radial 
force, substantially transverse to the stent longitudinal 
55 axis, against the wall of the target vessel, to secure the 
stent to the target vessel. 

[0010] In one embodiment of the large vessel stent, 
the stent has a single deformable section forming a 
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flange, preferably on a distal section of the stent. How- 
ever, a plurality of deformable sections may be provided 
on the stent. For example, In an alternative embodiment, 
the stent has a second deformable section on a proximal 
section of the stent. With the proximal and distal end 5 
flanges deployed, the stent is prevented from shifting 
proximally out of the target vessel or distally further into 
the interior of the target vessel. 

[0011] The large vessel stents of the invention are 
configured to connect to target vessels of various sizes 
having a wall thickness of at least about 0.5 mm, and 
typically about 0.5 mm to about 5 mm. In one embodi- 
ment of the invention, the large vessel anastomotic stent 
is configured to longitudinally collapse as the deforma- 
ble section is radially expanded. The surgeon can con- 
trol the longitudinal collapse to thereby position the dis- 
tal end flange at a desired location at least partially with- 
in the incision in the target vessel wall. Moreover, in the 
embodiment having a proximal end flange, the surgeon 
can control the position of the proximal end flange by 
longitudinally collapsing the stent to a greater or lesser 
degree, to thereby position the proximal end flange at a 
desired location in contact with the target vessel. Thus, 
regardless of the thickness of the target vessel wall, the 
stent can be longitudinally collapsed to position the 
flanges against the target vessel wall and effectively 
connect the stent thereto. This feature is significant be- 
cause the stent must be connected to target vessels 
which have a wide range of wall thickness. For example, 
the aortic wall thickness is typically about 1 .4 mm to 
about 4.0 mm. Therefore, regardless of the thickness of 
the target vessel wall, the degree of deployment of the 
proximal end flange, and thus the longitudinal collapse 
of the stent, can be controlled by the physician to there- 
by effectively connect the stent to the target vessel. For 
example, the surgeon may choose between partially de- 
ploying the proximal end flange so that it is positioned 
against an outer surface of the target vessel wall, or fully 
deploying the flange to position it in contact with the me- 
dia of the target vessel wall within the incision in the tar- 
get vessel wall. 

[0012] In a presently preferred embodiment, the graft 
vessel is attached to the stent before insertion into the 
patient by placing the graft vessel within the lumen of 
the stent, and evening the end of the graft vessel out the 
stent distal end and about at least the distal deformable 
section. In a presently preferred embodiment, the graft 
vessel is everted about at least the section which con- 
tacts the media of the target vessel wall proximal to the 
distal deformable section, to facilitate sealing at the 
anastomosis site. 

[0013] In a presently preferred embodiment of the in- 
vention, the deformable section on the large vessel stent 
comprises a plurality of helical members interconnected 
and disposed circumferentially around the stent. By ro- 
tating the distal end and the proximal end of the stent 
relative to one another, the helical members radially ex- 
pand and the stent longitudinally collapses to form the 



flange. In a presently preferred embodiment, the distal 
flange is configured to deploy before the proximal end 
flange. 

[001 4] Another aspect of the invention comprises the 
applicators designed for introducing and securing the 
large vessel anastomotic stents of the invention to the 
target vessel. One such applicator is configured to apply 
torque and axial compressive load to the large vessel 
stent, to thereby radially expand the deformable section 
which forms the flange. The applicator of the invention 
may be provided with a sharp distal end, to form an in- 
cision in the target vessel wall through which the stent 
is inserted or to otherwise facilitate insertion of the stent 
into the target vessel wall. Another embodiment of the 
applicator of the invention includes a catheter member 
having one or more inflatable members designed to ex- 
pand the incision in the target vessel and introduce the 
large vessel stent therein. 

[001 5] Another embodiment of the invention compris- 
es small vessel anastomotic stents for use on small tar- 
get vessels such as coronary arteries. The small vessel 
stents generally comprise an outer flange configured to 
be positioned adjacent an outer surface of the target 
vessel, and an inner flange configured to be positioned 
against an inner surface of the target vessel and con- 
nected to the outer flange. The outer and inner flanges 
generally comprise a body defining an opening, with one 
end of the graft vessel secured to the outer flange. 
[0016] The small vessel anastomotic stents of the in- 
vention are used on small target vessels having a wall 
thickness of less than about 1 .0 mm, and typically about 
0.1 mm to about 1 mm. For example, small target ves- 
sels include coronary arteries. Despite the small size of 
the target vessels, the small vessel stents of the inven- 
tion provide sutureless connection without significantly 
occluding the small inner lumen of the target vessel or 
impeding the blood flow therethrough. 
[0017] In a presently preferred embodiment of the in- 
vention, the graft vessel is received into the opening in 
the outer flange and everted around the body of the out- 
er flange to connect to the outer flange. In another em- 
bodiment, as for example when the graft vessel is a 
mammary artery, the graft vessel is connected to the 
outer flange by connecting members such as sutures, 
clips, hooks, and the like. 

[0018] The outerf lange, with the graft vessel connect- 
ed thereto, is loosely connected to the inner flange be- 
fore insertion into the patient. The space between the 
loosely connected inner and outer flanges is at least as 
great as the wall thickness of the target vessel so that 
the inner flange can be inserted through an incision in 
the target vessel and into the target vessel lumen, with 
the outer flange outside the target vessel. With the outer 
and inner flanges in place on either side of a wall of the 
target vessel, tightening the flanges together compress- 
es a surface of the graft vessel against the outer surface 
of the target vessel. This configuration forms a continu- 
ous channel between th e graft vessel and the target ves- 
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sel, without the need to suture the graft vessel to the 
target vessel wall and preferably without the use of 
hooks or barbs which puncture the target vessel. 
[0019] In one embodiment of the invention, the inner 
flange is introduced into the target vessel in a folded 
configuration and thereafter unfolded into an expanded 
configuration inside the target vessel. The folded con- 
figuration reduces the size of the inner flange so that the 
size of the incision in the target vessel wall can be min- 
imized. Folding the flange minimizes trauma to the tar- 
get vessel and restenosis, and facilitates sealing be- 
tween the graft and target vessel at the anastomotic site. 
[0020] In a presently preferred embodiment of the in- 
vention, the inner and outer flanges are connected to- 
gether by prongs on one member configured to extend 
through the body of the other member. However, the in- 
ner and outer flanges may be connected together by a 
variety of different types of connecting members such 
as sutures, hooks, clips, and the like. In a presently pre- 
ferred embodiment, the flange members are connected 
together by prongs on the inner member configured to 
extend through the incision in the target vessel wall, 
without puncturing the wall of the target vessel, and 
through prong receiving openings in the body of the out- 
er flange. The prong receiving openings in the outer 
flange may be configured to allow for the forward move- 
ment of the prong through the opening to bring the inner 
and outer flanges together, but prevent the backward 
movement of the prong out of the opening, so that the 
inner and outer flanges remain substantially com- 
pressed together to seal the anastomotic site. 
[0021] Another aspect of the invention comprises a 
small vessel stent applicator which facilitates introduc- 
tion of the inner flange into the target vessel lumen, and 
connection of the inner flange to the outer flange around 
the target vessel. In one embodiment of the small vessel 
stent applicator, the applicator folds the inner flange into 
the folded configuration for introduction into the lumen 
of the target vessel. 

[0022] Anastomotic systems of the invention may 
comprise combinations of the large and small vessel 
stents of the invention, for connecting one or both ends 
of a graft vessel to target vessels. Typically, in a coro- 
nary bypass using the anastomotic system of the inven- 
tion, a large vessel stent connects the proximal end of 
the graft vessel to the aorta, and a small vessel stent 
connects the distal end of the graft vessel to an occluded 
coronary artery. However, it will be apparent to one of 
ordinary skill in the art that various combinations and 
uses of the anastomotic stents of the invention may be 
used. For example, in patients with an extreme arterio- 
sclerotic lesion in the aorta, which may result in serious 
complications during surgical procedures on the aorta, 
the anastomotic stents of the invention allow the sur- 
geon to avoid this region and connect the proximal end 
of the graft vessel to any other adjacent less diseased 
vessel, such as the arteries leading to the arms or head. 
[0023] The large and small vessel stents of the inven- 



tion are provided in a range of sizes for use on various 
sized graft vessels. Thus, the anastomotic stents of the 
invention can be used with venous grafts, such as a har- 
vested saphenous vein graft, arterial grafts, such as a 
s dissected mammary artery, or a synthetic prosthesis, as 
required. 

[0024] Connection of the large vessel stent does not 
require the stoppage of blood flow in the target vessel. 
Moreover, the anastomotic stents of the invention can 

10 be connected to the target vessel without the use of car- 
diopulmonary bypas. Additionally, the surgeon does not 
need significant room inside the patient to connect the 
anastomotic stents of the invention to the target vessel. 
For, example, unlike sutured anastomoses which re- 

15 quire significant access to the aorta for the surgeon to 
suture the graft vessel thereto, the anastomotic stents 
of the invention allow the proximal end of the graft vessel 
to be connected to any part of the aorta. All parts of the 
aorta are accessible to the large vessel stents of the in- 

20 vention, even when minimally invasive procedures are 
used. Consequently, the graft vessel may be connected 
to the descending aorta, so that the graft vessel would 
not be threatened by damage during a conventional 
sternotomy if a second operation is required at a later 

25 time. 

[0025] The anastomotic stents of the invention pro- 
vide a sutureless connection between a graft and a tar- 
get vessel, while minimizing thrombosis or restenosis 
associated with the anastomosis. The anastomotic 

30 stents can be attached to the target vessel inside a pa- 
tient remotely from outside the patient using specially 
designed applicators, so that the stents are particularly 
suitable for use in minimally invasive surgical proce- 
dures where access to the anastomosis site is limited. 

35 The stents of the invention allow the anastomosis to be 
performed very rapidly, with high reproducibility and re- 
liability, and with or without the use of cardiopulmonary 
bypass. 

[0026] These and other advantages of the invention 
40 will become more apparent from the following detailed 
description of the invention and the accompanying ex- 
emplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0027] 

Fig. 1 is an elevational view, partially in phantom 
and in section, of a small vessel stent of the inven- 
50 tion, with a graft vessel, partially in section and bro- 
ken away, connected thereto, positioned in a target 
vessel. 

Fig. 2 is a transverse cross sectional view of the 
small vessel stent, together with the graft and target 
55 vessel, shown in Fig. 1 , taken along lines 2-2. 

Fig. 3 is an exploded view of the graft vessel, the 
small vessel stent with the inner and outer flanges, 
and the graft vessel disconnected. 
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Fig. 4. is an elevational view, partially in phantom, 
of the small vessel stent shown in Fig. 3, with the 
outer flange and the graft vessel, partially broken 
away, connected thereto, and with the inner flange 
in the target vessel lumen. 

Fig. 5 is an elevational view of the small vessel stent 
shown in Fig. 4, connected to the target vessel. 
Fig. 6 is an elevational view of a prong and a prong 
receiving opening, on the outer flange which em- 
bodies features of the invention. 
Fig. 7 is an elevational view, partially in section, of 
a small vessel stent with the inner flange folded for 
insertion into the target vessel, with the short dimen- 
sion sides folded inward, and with the graft vessel, 
partially broken away. 

Fig. 8 is an elevational view, partially in section, of 
a small vessel stent with the inner flange folded for 
insertion into the target vessel, with the short dimen- 
sion sides and the long dimension sides folded in- 
ward, and with the graft vessel, partially broken 
away. 

Fig. 9 is an elevational view of an compressible 
small vessel stent inner flange in a -partially com- 
pressed configuration. 

Fig. 10 is an elevational view, partially in section, of 
a small vessel stent applicator which embodies fea- 
tures of the invention. 

Fig. 11 is a longitudinal cross sectional view of the 
applicator shown in Fig. 1 0 with a small vessel stent 
therein, in position in a target vessel. 
Fig. 12 is an elevational, exploded view of a graft 
vessel, a large vessel anastomotic stent of the in- 
vention with the deformable sections in the first con- 
figuration, and a target vessel. 
Fig. 1 3 is a transverse cross sectional view of the 
large vessel stent shown in Fig. 12, taken along 
lines 13-13. 

Fig. 14 is an flattened view of a large vessel anas- 
tomotic stent of the invention with the deformable 
sections in the first configuration. 
Fig. 1 5 is an elevational view of a large vessel anas- 
tomotic stent of the invention with the distal deform- 
able section in the second configuration. 
Fig. 16 is a transverse cross sectional view of the 
large vessel stent shown in Fig. 15, taken along 
lines 16-16. 

Fig. 1 7 is an elevational view, partially in section and 
broken away, of the large vessel stent shown in Fig. 
12, with an everted graft vessel thereon, and a tar- 
get vessel. 

Fig. 1 8 is a longitudinal cross-sectional view of the 
large vessel stent and graft vessel thereon in a tar- 
get vessel. 

Fig. 19 is a longitudinal cross-sectional view of the 
large vessel stent shown in Fig. 1 8, with the distal 
end deformable section in the second configuration. 
Fig. 20 is a longitudinal cross-sectional view of the 
large vessel stent shown in Fig. 19, with the proxi- 



mal end deformable section in the second configu- 
ration. 

Fig. 21 is a flattened view of an alternative embod- 
iment of the large vessel anastomotic stent of the 

5 invention having voids in the body. 

Fig. 22 is a flattened view of an alternative embod- 
iment of the large vessel anastomotic stent of the 
invention having a curvilinear distal end. 
Fig. 23 is an elevational view of a large vessel stent 

10 applicator which embodies features of the inven- 
tion. 

Fig. 24 is a transverse cross sectional view, partially 
in section and broken away of the distal end of an 
applicator with a large vessel stent and graft vessel 

15 thereon, with a vessel penetrating member therein. 
Figs. 25 and 26 are transverse cross sectional 
views of the applicator assembly shown in Fig. 24 
taken along lines 25-25 and 26-26, respectively. 
Fig. 27 is an elevational view of the distal end of the 

20 applicator shown in Fig. 23. 

Figs. 28A-28H are elevational views, partially in 
section, of the applicator, and large vessel stent and 
vessel penetrating member therein during connec- 
tion of the large vessel stent to a target vessel. 

25 Fig. 29 is an transverse cross sectional view of an 
alternative embodiment of the large vessel stent 
having a distal flange angled toward the distal end 
of the stent. 

Fig. 30 is an elevational view of a human heart hav- 
30 ing a graft vessel attached thereto. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] A presently preferred embodiment of the small 

35 vessel stent 1 0 of the invention, for connecting one end 
of a graft vessel to a small target vessel, is illustrated in 
Fig. 1. The small vessel stent 10 comprises an outer 
flange 11 having a body 12 which defines an opening 
13 configured to receive the end of the graft vessel 21 , 

40 and an inner flange 14 having a body 15 which defines 
an opening 1 6. The innerflange is configured to be con- 
nected to the outer flange, with the openings 13, 16 at 
least in part aligned. In the embodiment illustrated in Fig. 
1, prongs 17 on the inner flange are configured to be 

45 received within small openings 1 8 in the outer flange, to 
thereby connect the flanges together. As best illustrated 
in Fig. 2, showing a transverse cross section of the small 
vessel stent 10 shown in Fig. 1, taken along lines 2-2, 
the innerflange 14 is configured to be positioned within 

50 a lumen 23 of the target vessel 22 against an inner sur- 
face 24 of the target vessel, and the outer flange 11 is 
configured to be positioned against an outer surface 25 
of the target vessel 22. In the embodiment illustrated in 
Figs. 1 and 2, the inner and outer flanges have an arced 

55 configuration to facilitate positioning against the arced 
surface of the tubular vessel. The small vessel stent 1 0 
is preferably used with small target vessels, such as ar- 
teries, which typically have thin walls and small inner 
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diameters. 

[0029] In the embodiment illustrated In Fig. 1 , the in- 
ner and outerf langes have a short dimension and a long 
dimension, i.e. are substantially oblong. The graft re- 
ceiving opening 1 3 in the outer flange, and the opening 5 

16 in the inner flange, are also substantially oblong. 
[0030] Fig. 3 is an exploded view of the inner flange 
1 4, outer flange 1 1 , and a graft vessel 21 , at an incision 
26 in the target vessel 22. in Fig. 4, the graft vessel has 
been connected to the outer flange by inserting the end 
of the graft vessel through the graft receiving opening 
1 3, and evening the graft end over the outer flange. Ad- 
ditionally, connecting members such as sutures, hooks 
or clips may be used to fix the graft vessel to the outer 
tubular member (not shown). The prongs 1 7 on the inner 
flange pierce through the wall of the graft vessel and 
then through the small openings 1 8 in the outer flange. 
Fig. 4 illustrates the inner and outer flanges loosely con- 
nected together for positioning at the target vessel, with 
only a partial length of the prongs 17 inserted through 
the prong receiving opening 18, before the flanges are 
tightened down around the wall of the target vessel. 
[0031] With the outer flange 11 connected to the graft 
vessel 21 and the inner flange 1 4 connected to the outer 
flange 11 , the innerflange is introduced into the incision 
26 in the target vessel 22, and the inner and outer flang- 
es are tightened together so that a compressive force is 
applied to the graft vessel against the outer surface 25 
of the target vessel. Thus, the anastomosis channel is 
formed from the target vessel lumen, through opening 
in the innerflange, and into the graft vessel lumen. After 
the inner and outerflanges are tightened around the wall 
of the target vessel, in the embodiment having prongs 
17, a length of the prongs extending above the target 
vessel can be broken off or otherwise removed. Fig. 5 
is an elevational view of the small vessel stent shown in 
Fig. 4, connected to the target vessel, with a length of 
the free ends of the prongs 17 removed. 
[0032] In one embodiment of the invention, the prongs 

1 7 on the innerflange and the prong receiving openings 

1 8 on the outer flange are configured to fixedly mate to- 
gether. Fig. 6 illustrates one embodiment of the prong 
17 and prong receiving openings 18. The opening 18 
has deflectable tabs 1 9 which deflect to allow displace- 
ment of the prong 1 7 longitudinally into the opening from 
the under side of the outer flange to the upper side of 
the outer flange, but which wedge against the prong to 
prevent the inserted prong from moving out of the open- 
ing 1 8 from the upper side to the under side of the outer 
flange. Additionally, a quick release (not shown) may be 
provided on the prongs to allow the prongs which are 
only partially inserted through the prong receiving open- 
ing to be quickly released therefrom in the event of an 
aborted procedure. 

[0033] In a presently preferred embodiment of the 
small vessel stent, the inner flange has a folded config- 
uration having a reduced profile to facilitate insertion in- 
to the incision in the target vessel. In one embodiment, 



the length of the stent is shortened by flexing the short 
dimensioned sides of the stent together, as illustrated in 
Fig. 7. To hold the innerflange in the folded configuration 
for insertion into the target vessel, a pair of inwardly ten- 
sioned arms 43, preferably as a part of an applicator, 
are used in one embodiment of the invention. Addition- 
ally, the width of the stent can be shortened by flexing 
the long dimensioned sides of the stent together, as il- 
lustrated in Fig. 8. In the presently preferred embodi- 
ment of the folding innerflange illustrated in Fig. 7 and 
8, the inner flange is formed from a superelastic or pseu- 
doelastic material, such as a NiTi alloy, to facilitate fold- 
ing the inner flange and to provide improved sealing 
against the wall of the target vessel after the inner flange 
is unfolded inside the target vessel lumen. However, 
other configurations may be used, as for example, an 
inner flange having a collapsible section. For example, 
Fig. 9 illustrates an innerflange having a collapsible sec- 
tion 27 on the long dimensioned sides of the inner 
flange, comprising a series of short turns in alternating 
directions. In Fig. 9; the collapsible section 27 is shown 
in a partially collapsed configuration in which the length 
of the inner flange is shortened by collapsing the long 
dimensioned sides of the inner flange. In a presently 
preferred embodiment, the inner flange having a col- 
lapsible section 27 is formed of stainless steel. 
[0034] Fig. 10 illustrates an applicator 31 used to po- 
sition the innerflange 14 within the target vessel lumen 
23, and tighten the inner and outer flanges together 
around the wall of the target vessel. The applicator 31 
generally comprises a shaft 32 with proximal and distal 
ends, a handle33 on the proximal end, and a connecting 
member 34 on the distal end for releasably attaching to 
the small vessel stent. In the embodiment illustrated in 
Fig. 9, the connecting member 34 comprises an inner 
compressible member 35 which is slidably insertable in- 
to an outer housing member 36. The compressible 
member 35 has slots 37 configured to receive the 
prongs 17 on the inner flange 14, and an opening 38 
configured to receive the graft vessel. The free end of 
the graft vessel, unconnected to the small vessel stent 
10, is outside of the applicator via the opening 38. The 
housing member 36 has an inner chamber 39 config- 
ured to receive the compressible member 35. The 
chamber 39 is smallerthan at least a section of the com- 
pressible member 35, to thereby compress the com- 
pressible member 35 to a smaller dimension when it is 
positioned within the chamber 39. The small vessel 
stent is releasably connected to the applicator, after the 
inner and outer flange together with a graft vessel are 
connected together, by inserting the prongs 17 on the 
inner flange into the slots 37. The compressible member 
35 clamps onto the prongs 17 as the compressible 
member 35 is positioned within the chamber 39 and the 
slots 37 are thereby compressed. In the embodiment il- 
lustrated in Fig. 1 0, the compressible member 35 is par- 
tially out of the housing. Additionally, a connecting mem- 
ber (not shown) such as a clasp, clamp, or hook on the 
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distal end of the applicator may be used to connect the 
outer flange to the applicator. Fig. 10 illustrates, in an 
exploded view, the positioning of the inner flange 14 for 
releasably connecting to the applicator. Of course, as 
discussed above, the inner flange 14 is typically con- 
nected to the outer flange with a graft vessel attached 
thereto before being connected to the applicator. The 
applicator is then used to position the stent in place at 
the incision in the target vessel, with the inner flange 
inside the target vessel lumen and the outer flange 
against the outer surface of the target vessel. To release 
the small vessel stent 1 0 from the applicator, the com- 
pressible member 35 is displaced out of the housing 
member 36, so that the prongs 1 7 are released from the 
slots 37 as the slots expand. In the embodiment illus- 
trated in Fig. 1 0, the applicator has a knob 41 for turning 
the shaft 32 to draw the compressible member 35 up 
into the chamber 39. The handle 33 may be used to de- 
ploy the small vessel stent by squeezing the handle to- 
gether to displace the compressible member 35 and 
housing member 36 relative to one another. Fig. 1 1 is a 
longitudinal cross sectional view of an applicator as 
shown in Fig. 10, with a small vessel stent therein, in 
position at a target vessel. 

[0035] In addition, the applicator 31 may be provided 
with a insertion member for holding the inner flange in 
the folded configuration facilitating introduction into the 
target vessel lumen through the incision in the target 
vessel. In one embodiment, the applicator insertion 
member comprises a pair of inwardly tensioned arms 43 
extending past the distal end of the shaft for releasably 
holding the inner flange in the folded configuration, as 
illustrated in Figs. 7 and 8. 

[0036] In the method of the invention, the small vessel 
stent connects one end of a graft vessel to a target ves- 
sel to form an anastomosis. The target vessel is incised, 
and balloons on occlusion catheters positioned against 
the target vessel are inflated to occlude blood flow up- 
stream and downstream of the anastomosis site. The 
outer flange is attached to one end of a graft vessel as 
described above, and, in the embodiment illustrated in 
Fig. 1, the prongs on the inner flange are inserted 
through the graft vessel and into the prong receiving 
openings in the outer flange. The graft vessel may be 
occluded with a temporary clamp on the mid portion of 
the graft, to prevent blood loss through the graft vessel 
during the procedure. The inner flange is inserted into 
the target vessel lumen, and the inner and outer flanges 
are tightened together to compress the graft vessel 
against the outer surface of the target vessel. After the 
inner and outer flanges are tightened together, the free 
end of each prong is broken off to decrease the length 
of the prongs left inside the patient. The prongs are typ- 
ically provided with a weakened point 42 near the body 
of the inner flange to facilitate breaking of the prong by 
tensile forces or by fatigue failure due to strain harden- 
ing. The occlusion balloons are deflated and the occlu- 
sion catheters removed, with the stent connected to the 



target vessel and the graft vessel in fluid communication 
with the target vessel lumen. 

[0037] In the embodiment illustrated in Fig. 1 , the out- 
er flange is longer and wider than the inner flange. The 

5 outer flange has a length of about 4 mm to about 1 2 mm, 
preferably about 7 mm to about 9 mm, and a width of 
about 1 mm to about 5 mm. The wall thickness of the 
body of the outer flange is about 0. 1 0 mm to about 0.30 
mm. The inner flange has a length of about 4 mm to 

10 about 12 mm, preferably about 7 mm to about 9 mm, 
and a width of about 0.5 mm to about 5 mm, and pref- 
erably about 2 mm to about 4 mm. The wall thickness 
of the body of the inner flange is about 0. 1 0 mm to about 
0.25 mm. The inner and outer flanges are preferably 

15 formed of stainless steel, preferably 316 stainless steel, 
although, as previously discussed herein, superelastic 
or pseudoelastic materials such as nickel titanium al- 
loys, titanium, or tantalum, may also be used. Addition- 
ally, advanced polymers which can be plastically de- 

20 formed, such as polyetheretherketone, may be used. 
[0038] Fig. 1 2 illustrates a presently preferred embod- 
iment of the large vessel stent 110 of the invention, for 
connecting one end of a graft vessel 1 25 to a large target 
vessel 1 27. The large vessel stent 1 1 0 comprises a sub- 

25 stantially cylindrical body 111 having an open proximal 
end 112, open distal end 113, a lumen 114 extending 
therein configured to receive the end of the graft vessel 
125. Fig. 13 illustrates a transverse cross section of the 
large vessel stent 110 shown in Fig. 12, taken along 

30 lines 13-13. Fig. 14 illustrates a flattened view of the 
large vessel stent 110 shown in Fig. 12. 
[0039] The cylindrical body has a distal deformable 
section 1 1 5 and a proximal deformable section 116. The 
deformable sections 115, 116 have a first configuration 

35 for insertion into the target vessel, and a radially expand- 
ed second configuration for connecting to the target ves- 
sel. In the embodiment illustrated in Fig. 12, the distal 
and proximal deformable sections 115, 116 comprises 
a plurality of helical members 123, 124, respectively. In 

40 the embodiment illustrated in Fig. 1 2, each helical mem- 
ber has a proximal end radially spaced on the stent body 
relative to the helical member distal end. The helical 
members are radially spaced around the circumference 
of the cylindrical body between longitudinally spaced 

45 portions of the cylindrical body. In Fig. 12, the helical 
members forming the deformable sections are shown in 
the first configuration prior to being radially expanded to 
the second configuration. As illustrated in Fig. 15, the 
distal deformable section 115 radially expands to the 

50 second configuration to form a distal end flange 121, 
configured to apply a force radial to the cylindrical body 
1 1 1 longitudinal axis against the target vessel and there- 
by connect the stent to the target vessel. Similarly, the 
proximal deformable section 1 1 6 radially expands to the 

55 second configuration to form a proximal end flange 1 22, 
as illustrated in Fig. 20. The flanges 121, 122 are de- 
ployed by circumferentially rotating the proximal end of 
the stent body relative to the distal end of the stent body. 
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Such rotation causes the stent body to longitudinally col- 
lapse as the helical members radially expand from the 
first to the second configuration. Fig. 16 illustrates a 
transverse cross section of the large vessel stent 110 
shown in Fig. 15, taken along lines 16-16. 
[0040] Fig. 1 7 illustrates the large vessel stent shown 
in Fig. 12 with a graft vessel 125 attached thereto. The 
graft vessel is attached to the large vessel anastomotic 
stent by inserting one end of the graft vessel into the 
proximal end of the cylindrical body and, in a preferred 
embodiment, everting the graft end 1 26 out the cylindri- 
cal body distal end. The graft vessel may be everted 
over all or only a section of the outer surface of the large 
vessel stent 110. In the embodiment illustrated in Fig. 
17, the graft is everted over the distal deformable sec- 
tion 1 1 5 which is in the first configuration prior to being 
radially expanded to the second configuration. 
[0041] Figs. 18-20 illustrate the large vessel stent 
shown in Fig. 17 within a wall of the target vessel 127 
before and after deployment of the distal flange 1 21 and 
proximal flange 122. In Fig. 18, the stent has been in- 
serted into an incision in a wall of the target vessel, with 
the distal end of the stent within the lumen 128 of the 
target vessel 127 and the proximal end 112 of the stent 
extending outside of the target vessel. In Fig. 19, the 
distal deformable section 11 5 has been radially expand- 
ed to form the distal end flange 1 21 . During deployment 
of the distal end flange, the stent body longitudinally col- 
lapses, and the distal end flange is positioned at least 
in part within the wall of the target vessel, so that the 
flange applies a force radial to the stent longitudinal ax- 
is, illustrated by the arrow R, against the wall of the tar- 
get vessel defining the incision therein. Additionally, an 
axial force, illustrated by the arrow A, is applied against 
the target vessel wall, compressing the target vessel 
wall. The final position of the distal end flange may vary, 
with the distal end flange being completely within the 
target vessel wall as shown, or, alternatively, partially 
within the target vessel lumen (not shown). In Fig. 20, 
the proximal deformable section 116 has been radially 
expanded to form the proximal end flange 122. The 
proximal end flange positioned against the outer wall of 
the target vessel produces an axial force, illustrated by 
the arrow A, against the target vessel. In the embodi- 
ment illustrated in Fig. 20, the proximal end flange is in 
contact with an outer surface of the target vessel wall. 
Alternatively, the proximal end flange may be in contact 
with the media of the target vessel between the inner 
and outer surface of the target vessel wall, and prefer- 
ably with the proximal end of the stent flush with the out- 
er surface of the target vessel (not shown). The degree 
to which flange is deployed may be varied to control how 
and where the flange contacts the target vessel wall. 
Thus, depending on the thickness of the target vessel 
wall, the proximal deformable section can be radially ex- 
panded and longitudinally collapsed to a greater or less- 
er degree, so that the proximal end flange is in contact 
with the target vessel either on an outer surface of the 



target vessel or within the incision therein in contact with 
the media of the target vessel wall. 
[0042] Although the large vessel stem 1 1 0 is shown 
in Fig. 12 with a proximal deformable section and a distal 
5 deformable section, forming proximal and distal flanges, 
respectively, the large vessel stent may have one or 
more deformable sections.. For example, an intermedi- 
ate deformable section (not shown) between the proxi- 
mal and distal end deformable sections may be provided 
10 for additional sealing and securing force against the me- 
dia of the target vessel wall. 

[0043] In the large vessel stent illustrated in Fig. 12, 
the intermediate section of the body is solid. Fig. 21 il- 
lustrates an alternative embodiment in which voids or 
15 openings 1 29 are provided in the body wall which allow 
for tissue ingrowth, to thus facilitate sealing and secur- 
ing of the anastomosis. In another embodiment of the 
large vessel stent, illustrated in Fig. 22, a peripheral 
edge on the distal end of the large vessel stent is curvi- 
20 linear, so that deployment of the distal end flange in- 
creases the diameter of the open distal end. The gen- 
erally sinusodial edge increases the diameter of the 
opening in the distal end as the distal deformable sec- 
tion 115 is longitudinally collapsed. 
25 [0044] An applicator 131 is typically used to deploy 
the flanges and connect the large vessel stent 110 to 
the target vessel 127, as illustrated in Fig. 23. In the em- 
bodiment illustrated in Fig. 23, the applicator 131 com- 
prises an elongated stent delivery member comprising 
30 a shaft 1 33 having an outer tubular member 1 34 having 
a lumen 1 35 therein, an inner tubular member 1 36 hav- 
ing a lumen 137 configured to receive the graft vessel 
125 and being rotatably located within the lumen of the 
outer tubular member, a handle 1 38 on the proximal end 
35 of the shaft, and connecting members 1 41 on the distal 
end of the inner and outer tubular members which re- 
leasably secure the large vessel stent 110 to the appli- 
cator 1 31 . The distal and proximal ends of the large ves- 
sel stent 110 releasably secure to the inner and outer 
40 tubular members, respectively, and the inner and outer 
tubular members are rotatable relative to one another, 
so that the distal end of the stent can be rotated relative 
to the proximal end of the stem and the flanges thereby 
deployed. In the embodiment illustrated in Fig. 23, lon- 
45 gitudinal openings 139, preferably coextensive with one 
another, in the inner and outer tubular members are pro- 
vided to facilitate positioning the graft vessel, and large 
vessel stent connected thereto, on the applicator 131 . 
Fig. 24 illustrates an enlarged view of the distal end of 
so an applicator as shown in Fig. 23, with a large vessel 
stent 110 and graft vessel 125 thereon. Figs. 26 and 27 
illustrate transverse cross sections of the applicator 
shown in Fig. 24, taken along lines 26-26 and 27-27, 
respectively. 

55 [0045] Fig. 27 illustrates an enlarged view of the distal 
end of the applicator 131 shown in Fig. 23. In the em- 
bodiment illustrated in Fig. 27, the connecting members 
1 41 on the outer tubular member 1 34 comprise tabs 1 42 
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configured to mate with slits 143, as illustrated in Fig. 
12, on the proximal end of the stent. The connecting 
members 141 on the inner tubular member 136 com- 
prise angular slits 144 which slidably receive tabs 145, 
as illustrated in Fig. 13 on the distal end of the stent. 
The tabs on the distal end of the stent are introduced 
into the slits on the applicator inner tubular member and 
a slight twisting motion releasably secures the tabs 
therein. A variety of suitable connection members can 
be used including reieasable clamps, clips, hooks, and 
the like. 

[0046] In one embodiment of the invention, the appli- 
cator 131 includes a vessel penetrating member 146, 
as illustrated in Figs. 24 and 28, for forming an incision 
in the target vessel. Additionally, the applicator may be 
provided with one or more inflatable members for en- 
larging the incision, and/or drawing the applicator and 
stent into the incision. For example, in the embodiment 
shown in Fig. 28, a vessel penetrating member 146 hav- 
ing proximal and distal ends, a piercing member 1 47 on 
the distal end, and at least one inflatable member on a 
distal section of member 146, is configured to be re- 
ceived in the inner lumen of the inner tubular member 
136. In the presently preferred embodiment illustrated 
in Fig. 28, a proximal balloon 148, which is preferably 
formed from noncompliant material, is provided on the 
outer tubular member for expanding the incision in the 
target vessel, and a distal balloon 151 , which is prefer- 
ably formed from compliant material, is provided distal 
to the noncompliant balloon 1 48, for drawing the vessel 
penetrating member 146 into the target vessel lumen 
1 28. However, the distal balloon may be omitted and the 
catheter advanced through the incision and into the tar- 
get vessel lumen physically or by other suitable meth- 
ods, as when the proximal balloon is shaped to advance 
into the target vessel lumen during inflation. Additionally, 
the target vessel may be held to resist the force of in- 
serting the stent into the aortal wall, as by a suction ap- 
plicator (not shown) positioned against an outer surface 
of the target vessel, which pulls the target vessel toward 
the applicator. 

[0047] In the method of the invention, the large vessel 
stent, with a graft vessel connected thereto, is intro- 
duced into the patient, inserted into the target vessel and 
connected thereto by deployment of the flange. Figs. 
28A-28H illustrate the connection of the large vessel 
stent to a target vessel. The stent 110, with an everted 
graft vessel 125 thereon, is releasably secured to the 
distal end of the applicator. The graft vessel is within the 
lumen of the inner tubular member, and the vessel pen- 
etrating member 1 46 is within the lumen of the graft ves- 
sel 125. As shown in Fig. 28A, the applicator 131 and 
stent 110 assembly is introduced into the patient and 
positioned adjacent the target vessel 127. An incision in 
the target vessel wall is formed by inserting the piercing 
member 147 into the target vessel, and the incision is 
enlarged by inflating the proximal balloon 148 on the 
vessel penetrating member 1 46, see Figs. 28B and 28C. 



The distal end of the applicator is then displaced distally 
into the target vessel lumen 128 by inflating the distal 
balloon 151, see Fig. 28D. With the stent in position with- 
in the incision in the target vessel, the applicator inner 

5 tubular member is rotated relative to the applicator outer 
tubular member, so that the distal end of the stent ro- 
tates relative to the proximal end of the stent, and the 
distal end flange is deployed, see Fig. 28E. In the em- 
bodiment illustrated in Fig. 28D, the distal end of the 

10 stent is positioned within the target vessel lumen before 
the distal end flange 121 is deployed, to facilitate de- 
ployment thereof . In a presently preferred embodiment, 
the distal def onmable section is positioned at least in part 
within the target vessel lumen before the distal flange is 

15 deployed. However, it is not required that the deforma- 
ble sections are outside of the incision in the target ves- 
sel wall for the flanges to be deployed. The proximal end 
flange 122 is deployed by further rotating the applicator 
tubular members as outlined above for the distal end 

20 flange, see Fig. 28F. The balloons 1 48, 151 on the ves- 
sel penetrating member 146 are then deflated and the 
applicator 1 3 1 removed from the target vessel 1 27, leav- 
ing the graft vessel 125 connected thereto, see Figs. 
28G and 28H. 

25 [0048] In a presently preferred embodiment, the distal 
end flange is configured to deploy at lower torque than 
the proximal end flange. A deflecting section 1 53 is pro- 
vided on the helical members 123, 124, which bends 
during the deployment of the flanges. In one embodi- 

30 ment of the invention, illustrated in Fig. 1 4, the deflecting 
section 153 is formed by at least one notch in each hel- 
ical member, having a depth which decreases the trans- 
verse dimension of the helical members at the notch. In 
the embodiment of the large vessel stent illustrated in 

35 Fig. 14, the a deflecting section is formed by two op- 
posed notches 154 on opposite sides of the helical 
members. The notches on the distal helical members 
have a depth that is greater than the depth of the notch- 
es on the proximal helical members. Consequently, the 

40 transverse dimension of the deflecting section on the 
distal helical member is smaller than that of the proximal 
helical members, so that the distal flange will deploy be- 
fore the proximal flange. Thus, the distal section helical 
members radially expand at lower torque than the prox- 

45 imal helical members, so that rotating the proximal and 
distal ends of the stent body relative to one another 
causes the distal end flange to deploy first, followed by 
the proximal end flange. 

[0049] In the embodiment illustrated in Fig. 14, the 
so helical members have deflecting sections 153 on the 
proximal and distal ends, and an intermediate deflecting 
section located substantially centrally along the length 
of the helical member between the proximal and distal 
ends of the helical member. In the deployed flange, the 
55 intermediate deflecting section is thus located on a pe- 
ripheral extremity of the deployed flange and the flange 
is substantially perpendicular to the stent longitudinal 
axis. Alternatively, the intermediate deflecting section 
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may be located distally or proximally along the length of 
the helical member, so that the flange is angled relative 
to the longitudinal axis of the stent. For example, where 
the intermediate deflecting section is located between 
the center point and the distal end of the helical member, 
the flange is angled toward the distal end of the large 
vessel stent 110, as illustrated in Fig. 29. 
[0050] in the embodiment of the large vessel stent il- 
lustrated in Figs. 18-20, the length of the large vessel 
stent before deployment of the flanges is greater than 
the width of the target vessel wall , so that the def o rmable 
sections are on either side of the target vessel, at least 
in part outside of the incision in the target vessel wall. 
The length of the stent after the flanges are deployed, 
as illustrated in Fig. 20, is substantially equal to the width 
of the target vessel wall. The length of the stent 11 0 is 
about .5 mm to about 5 mm, and the diameter is about 
4 mm to about 1 0 mm. The large vessel stent is prefer- 
ably formed from stainless steel. However, other suita- 
ble materials may be used, including tantalum, titanium, 
and alloys thereof. The large vessel stent wall thickness 
is about 0.10 mm to about 0.20 mm. 
[0051] The anastomotic stents of the invention may 
be used for a variety of anastomosis procedures, includ- 
ing coronary bypass surgery. For example, the distal 
end of a dissected mammary artery can be connected 
to a coronary artery, using a small vessel stent of the 
invention. Typically, one or more slices are made in the 
end of the mammary artery in order to increase to diam- 
eter of the mammary artery to facilitate its connection to 
the outer flange of the small vessel stent. Fig. 30 illus- 
trates a heart 1 60 on which a coronary bypass has been 
performed using the anastomotic stents of the invention . 
The distal end of a harvested vein graft 1 25 is connected 
to the coronary artery 161 using a small vessel stent of 
the invention, and the proximal end of the graft vessel 
is connected to the descending aorta 1 62 using a large 
vessel stent of the invention. 

[0052] In an anastomotic system using the large ves- 
sel stent in combination with the small vessel stent, the 
large vessel stent would preferably be connected to the 
target vessel first, so that the lumen of the graft vessel 
would be accessible through the other end of the graft 
vessel, to thereby provide access for a catheter which 
incises and expands the aortal wall. The small vessel 
stent would be connected next, because it requires no 
access through the lumen of the graft vessel. 
[0053] Although principally discussed with respect to 
coronary bypass surgery, the anastomotic stents of the 
invention may be used in a number of anastomosis pro- 
cedures. For example, the other types of anastomosis 
procedures include, fern oral -fern oral bypass, vascular 
shunts, subclavian-carotid bypass, organ transplants, 
and the like. According to a preferred aspect of the in- 
vention an anastomotic stent for connecting one end of 
a graft vessel to a target vessel is provided comprising 

a) a substantially cylindrical body having a longitu- 



10 



dinal axis, an open proximal end, an open distal 
end, and a lumen extending therein configured to 
receive the graft vessel; and 

b) at least one deformable section on the cylindrical 
body having a first configuration, and a radially ex- 
panded second configuration which forms a flange 
configured to apply an expanding force radial to the 
cylindrical body longitudinal axis against the wall of 
the target vessel. 



[0054] The deformable section preferably is on a dis- 
tal section of the cylindrical body advantageously includ- 
ing a deformable section on the proximal end of the cy- 
15 lindrical body having a first configuration, and a radially 
expanded second configuration which forms a proximal 
end flange, or a proximal section of the cylindrical body. 
[0055] The deformable section may also comprise a 
plurality of helical members having proximal and distal 
20 ends, the helical members being circumferential ly 
spaced around the cylindrical body, so that the cylindri- 
cal body longitudinally collapses and the helical mem- 
bers radially expand from the first to the second config- 
uration by circumferential rotation of the proximal end of 
25 the cylindrical body relative to the distal end of the cy- 
lindrical body. 

[0056] In the above stent it is advantageous if the 
stent is configured to secure one end of the graft vessel 
to a target vessel having a wall thickness of about 0.5 
30 mm to about 5 mm, preferably if the stent has a length 
substantially equal to the thickness of the target vessel 
wall when the deformable section is in the second con- 
figuration. 

[0057] The flange of the above stent is advantageous- 
35 |y from about 4 mm to about 10 mm in diameter and/or 
preferably the cylindrical body has a substantially uni- 
form diameter when the deformable section is in said 
first configuration. 

[0058] According to a further preferred aspect of the 
40 invention an anastomotic stent for connecting one end 
of a graft vessel to a target vessel is provided, compris- 
ing 
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a) a substantially cylindrical body having a longitu- 
dinal axis, an open proximal end, an open distal 
end, and a lumen extending therein configured to 
receive the graft vessel; 

b) a deformable section located on the distal end of 
the cylindrical body, having a first configuration, and 
a radially expanded and longitudinally collapsed 
second configuration which forms a flange; and 

c) a deformable section located on the proximal end 
of the cylindrical body, having a first configuration, 
and a radially expanded and longitudinally col- 
lapsed second configuration which forms a flange. 
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[0059] In the aforementioned stent preferably deform- 
able sections comprise a plurality of helical members 
having proximal and distal ends. Advantageously at 
least one deflecting section is included on each helical 
member, wherein advantageously the deflecting sec- 
tions on the distal helical member deflect at lower torque 
than the deflecting sections on the proximal helical 
members, so that the distal flange forms before the prox- 
imal flange by circumferential rotation of the proximal 
end of the cylindrical body relative to the distal end of 
the cylindrical body. 

[0060] It is thereby preferred that the deflecting sec- 
tion comprises at least one notch in the helical member, 
and that the size of the notches on the distal helical 
members is greater than the size of the notches on the 
proximal helical members. 

[0061] Advantageously the notch is located substan- 
tially centrally along the length of the helical members 
between the proximal and distal ends of the helical 
member. 

[0062] Alternatively wherein the notch maybe located 
distally or proximally of a central point along the length 
of the helical member, so that the flange has an angled 
configuration relative to the longitudinal axis of the stent. 
[0063] According to a still further preferred aspect of 
the invention an anastomosis assembly for connecting 
a graft vessel to a target vessel is provided comprising, 

a) an elongated stent delivery member comprising 
an outertubular member having proximal and distal 
ends and a lumen therein, and an inner tubular 
member having proximal and distal ends and a lu- 
men therein, rotatably disposed within the outertu- 
bular member lumen; and 

b) an anastomotic stent on a distal extremity of the 
elongated stent delivery member, comprising a sub- 
stantially cylindrical body having an open proximal 
end, and open distal end, a lumen extending therein 
configured to receive the graft vessel, and at least 
one deformable section having a first configuration 
for introduction into the target vessel and a second 
configuration which forms a flange. 

[0064] The above anatomous assembly preferably in- 
cludes an elongated vessel penetrating member which 
is configured to extend through the lumens of the inner 
tubular member, cylindrical body disposed thereon, and 
graft vessel disposed therein, and extend out the distal 
end of the cylindrical body, having a distal tip configured 
to penetrate through the wall of the target vessel, and 
an expandable distal member for positioning at least the 
distal end of the anastomotic stent within the target ves- 
sel. 

[0065] According to a still further aspect of the inven- 
tion an implanted anastomotic stent for connecting one 
end of a graft vessel to a target vessel is provided, com- 
prising 



a) a substantially cylindrical body having a longitu- 
dinal axis, an open proximal end, an open distal 
end, and a lumen extending therein configured to 
receive the graft vessel; 

5 

b) at least one deformable section on the cylindrical 
body having a flange applying an expanding force 
radial to the cylindrical body longitudinal axis 
against the wall of the target vessel; and 

10 

c) a graft vessel secured to the stent and extending 
within the lumen of the cylindrical body. 

[0066] An additional aspect of the invention provides 
15 a method of forming a vascular anastomosis between a 
graft vessel and a target vessel, comprising 

a) connecting an end of the graft vessel to an anas- 
tomotic stent comprising a substantially cylindrical 

20 body having a longitudinal axis, an open proximal 
end, an open distal end, and a lumen extending 
therein configured to receive the graft vessel; and 
at least one deformable section on the cylindrical 
body having a first configuration, and a radially ex- 

25 panded second confiuration which forms a flange; 

b) introducing the stent into an incision in the target 
vessel; and 

30 C ) circumferentially rotating the distal end of the 
stent relative to the proximal end of the stent so that 
the stent body longitudinally collapses and the de- 
formable section expands from the first to the sec- 
ond configuration to form the flange. 

35 

[0067] In the above method preferably the deformable 
section is on a distal section of the cylindrical body and 
the step of connecting the first end of the graft vessel to 
the stent comprises positioning the graft in the lumen of 

40 the stent and everting the end of the graft out the distal 
end of the stent and at least about at least the deform- 
able section on the distal section of the stent body 
whereby the graft vessel is advantageously everted 
about a section of the stent proximal to the deformable 

45 section on the distal section of the stent body. 

[0068] Alternatively in the above method according to 
a different aspect the stent further includes a deformable 
section on a proximal section of the stent, and including, 
afterthe step of radially expanding the distal deformable 

50 section, the step of rotating the distal end of the stent 
relative to the proximal end of the stent, so that the stent 
body longitudinally collapses and the proximal deform- 
able section expands from the first to the second con- 
figuration to form a proximal end flange, wherein the dis- 

55 tal end of the stent is preferably rotated relative to the 
proximal end of the stent so that the proximal end flange 
is in contact with the target vessel. 
[0069] In the above method according to a different 
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preferred aspect the step of circumferentially rotating 
the distal end of the stent relative to the proximal end of 
the stent comprises 

a) positioning the stent on a distal extremity of an 
elongated stent delivery member comprising an 
outer tubular member having proximal and distal 
ends and a lumen therein, and an inner tubular 
member having proximal and distal ends and a lu- 
men therein rotatably disposed within the outer tu- 
bular member lumen, so that the distal end of the 
stent is releasably connected to the inner tubular 
member and the proximal end of the stent is releas- 
ably connected to the outer tubular member; and 

b) rotating the inner tubular member relative to the 
outer tubular member to thereby circumferentially 
rotate the distal end of the stent relative to the prox- 
imal end of the stent. 

[0070] In the above method the step of introducing the 
stent into the target vessel preferably comprises 

a) disposing within the lumen of the anastomotic 
stent and graft vessel disposed therein an elongat- 
ed vessel penetrating member having a shaft, a dis- 
tal tip, and at least one expandable member on a 
distal section; 

b) advancing the distal tip through the wall of the 
target vessel and into the target vessel lumen, to 
form an incision therein; and 

c) expanding the expandable member to increase 
the width of the incision in the target vessel. 

[0071] Advantageously thereby the elongated vessel 
penetrating member further includes a second expand- 
able member, and including the step of expanding a sec- 
ond expandable member to draw the penetrating mem- 
ber and stent thereon into the incision in the target ves- 
sel, or before step a) the following steps are included: 

a) positioning the stent on a distal extremity of an 
elongated stent delivery member comprising an 
outer tubular member having proximal and distal 
ends and a lumen therein, and an inner tubular 
member having proximal and distal ends and a lu- 
men therein rotatably disposed within the outer tu- 
bular member lumen, so that the distal end of the 
stent is releasably connected to the inner tubular 
member and the proximal end of the stent is releas- 
ably connected to the outer tubular member; and 

b) positioning the elongated vessel penetrating 
member within the lumen of the elongated stent de- 
livery member. 



[0072] Concerning the above mentioned method the 
step of circumferentially rotating the distal end of the 
stent relative to the proximal end of the stent preferably 
comprises rotating the elongated stent delivery member 
5 inner tubular member relative to the outer tubular mem- 
ber. 

[0073] According to another preferred aspect of the 
invention an anastomosis assembly for connecting a 
graft vessel between a first target vessel and a second 
10 target vessel is provided, comprising 

a) a first anastomotic stent for securing a first end 
of the graft vessel to the first target vessel, compris- 
ing 

15 

i) a substantially cylindrical body having a lon- 
gitudinal axis, an open proximal end, an open 
distal end, and a lumen extending therein con- 
figured to receive the graft vessel; and 

20 

ii) at least one deformable section on the cylin- 
drical body having a first configuration, and a 
radially expanded second configuration which 
forms a flange configured to apply an expand- 

25 ing force radial to the cylindrical body longitu- 

dinal axis against the wall of the target vessel; 
and 

b) a second anastomotic stent for securing a sec- 
30 ond end of the graft vessel to the second target ves- 
sel, comprising 

i) an outer flange configured to be positioned 
adjacent an outer surface of the second target 

35 vessel , having a body defining an opening con- 

figured to receive the second end of the graft 
vessel; and 

ii) an inner flange connectable to the outer 
40 flange, having a body defining an opening, and 

being configured to be positioned adjacent an 
inner surface of the second target vessel, to 
provide fluid communication between a lumen 
of the graft vessel and a lumen of the second 
45 target vessel. 

[0074] A still further aspect of the invention provides 
a method of forming a vascular anastomosis between a 
graft vessel and a target vessel, comprising: 

50 

a) connecting an end of the graft vessel to an anas- 
tomosis stent comprising: 

i) an outer flange configured to be positioned 
55 adjacent an outer surface of the target vessel, 

having a body defining an opening configured 
to receive the end of the graft vessel; and 
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ii) an inner flange connected to the outer flange, 
having a body defining an opening, and being 
configured to be positioned adjacent an inner 
surface of the target vessel, to provide fluid 
communication between a lumen of the graft 
vessel and a lumen of the target vessel; 

b) introducing the inner flange into an incision in the 
target vessel; and 

c) connecting the graft vessel to the target vessel 
by tightening the inner flange and the outer flange 
together. 

[0075] In the above method preferably the inner 
flange further includes at least one prong member for 
connecting to the outer flange, and further including the 
steps of, after step (a), connecting the inner flange to 
the outer flange by inserting the prong member into a 
prong receiving opening in the outer flange so that the 
prong extends through a wall of the graft vessel. In the 
above method preferably after step (b), positioning the 
inner flange within the lumen of the target vessel so that 
the prong member extends through the incision in the 
target vessel is carried out. 

[0076] It is advantageous if in the above method the 
step of connecting the graft vessel to the target vessel 
further comprises the step of compressing the graft ves- 
sel against the outer surface of the target vessel and/or 
the step of connecting the graft vessel to the outerf lange 
comprises everting the graft vessel out the opening in 
the outer flange body so that an inner surface of the graft 
vessel is compressed against an outer surface of the 
target vessel. 

[0077] It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modifications can be made with- 
out departing from the spirit and scope of the invention. 
For example, those skilled in the art will recognize that 
the large and small vessel stents of the invention may 
be formed of wound or bended wire, filaments and the 
like. Other modifications may be made without departing 
from the scope of the invention. 



Claims 

1 . An anastomosis stent assembly (1 0) for connecting 
one end of a graft vessel to a target vessel, com- 
prising: 

a) an outer flange (11) configured to be posi- 
tioned adjacent an outer surface of the target 
vessel, having a body (12) defining an opening 
(13) configured to receive the end of the graft 
vessel; and 

b) an inner flange (1 4) connectable to the outer 



flange (11), having a body (15) defining an 
opening (16), and being configured to be posi- 
tioned adjacent an inner surface of the target 
vessel, to provide fluid communication between 
5 a lumen of the graft vessel and a lumen of the 

target vessel, wherein the inner flange (14) is 
separable from the graft vessel. 

2. The stent of claim 1 wherein the inner flange (14) is 
io configured to connect to the outer flange (11) to 

form a channel between a lumen of the graft vessel 
and a lumen of the target vessel. 

3. The stent of claim 1 or 2 wherein the inner flange 
*5 (14) js configured to be insertable into an incision 

in the target vessel which in part defines the chan- 
nel. 

4. The stent of any one of the preceding claims where- 
to in the inner flange (14) has a folded configuration 

with a profile to facilitate insertion of the flange into 
the target vessel, and an unfolded configuration 
with a profile larger than the profile of the folded con- 
figuration. 

25 

5. The stent of any one of the preceding claims where- 
in the inner flange (1 4) further includes at least one 
connecting member (17) to connect to the outer 
flange (11), configured to extend through the inci- 

30 sion in the target vessel. 

6. The stent of claim 5 wherein the connecting mem- 
ber (1 7) comprises at least one prong configured to 
engage the outer flange (1 1 ) and connect the inner 

35 (14) and outer (11) flanges together. 

7. The stent of claim 6 wherein the outer flange (11) 
has at least one opening (1 8) configured to receive 
a prong (17) on the inner flange (11). 

40 

8. The stent of claim 7 wherein the prong receiving 
opening (18) is configured to prevent withdrawal of 
the prong (1 7). 

45 9. The stent of any one of the preceding claims where- 
in the inner flange (1 4) is configured to be connect- 
ed to the outer flange (11), so that a compressive 
force is applied to the graft vessel against the outer 
surface of the target vessel. 

50 

1 0. The stent of any one of the preceding claims where- 
in the opening (16) in the inner flange (14) and the 
opening (13) in the outer flange (11) are substan- 
tially centrally located thereon. 

55 

1 1 . The stent of any one of the preceding claims where- 
in the inner flange (14) has a length that is not great- 
er than a length of the outer flange (11). 
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12. The stent of any one of the preceding claims where- 
in the inner and outer flanges (14, 11) are substan- 
tially oblong. 

1 3. The stent of any one of the preceding claims where- 
in the opening (16) in the inner flange (14) and the 
opening (13) in the outer flange (11) are substan- 
tially obiong. 

1 4. The stent of any one of the preceding claims where- 
in at least one of the inner and outer flanges (11 , 
14) has an arcuate shape in cross-section to con- 
form to the target vessel. 

15. An implanted anastomosis stent for connecting one 
end of a graft vessel to a target vessel at an incision 
in a wall of the target vessel, comprising 

a) an outer flange (11) configured to be posi- 
tioned adjacent an outer surface of the target 
vessel, having a body (12) defining an opening 
(13) configured to receive the end of the graft 
vessel; 

b) a graft vessel (21) with an inner surface and 
an outer surface, extending within and everting 
out of the opening (13) of the flange body (12) 
so that the graft vessel outer surface is adjacent 
to the flange body (12) and the graft vessel in- 
ner surface is adjacent to an outer surface of 
the target vessel; and 

c) an inner flange (14) having a body (15) de- 
fining an opening (16), adjacent an inner sur- 
face of the target vessel and connected to the 
outer flange (1 1 ) to provide fluid communication 
between a lumen of the graft vessel and a lu- 
men of the target vessel. 

16. The implanted stent of claim 15 wherein the graft 
vessel is further everted about the body (12) of the 
outer flange (11). 
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20. The stent of any one of the preceding claims where- 
in the inner flange (14) is connectable to the outer 
flange (11) by a plurality of prongs (17) and prong 
receiving openings (18) and wherein the prong re- 
ceiving openings (18) are configured to prevent 
withdrawal of the prongs (17). 

21 . An anastomosis stent assembly for connecting one 
end of a graft vessel to a target vessel, comprising: 

a) an outer flange (11) configured to be posi- 
tioned adjacent an outer surface of the target 
vessel, having a body (12) defining an opening 
(13) configured to receive the end of the graft 
vessel; and 

b) an inner flange (14) connectable to the outer 
flange (11), having a body (15) defining an 
opening (10), and being configured to be posi- 
tioned adjacent an inner surface of the target 
vessel, to provide fluid communication between 
a lumen of the graft vessel and a lumen of the 
target vessel, wherein the inner flange (14) is 
formed of a superelastic or pseudoelastic ma- 
terial. 



17. The implanted stent of claim 15 wherein the inner 
flange (1 4) is connected to the outer flange (1 1 ) by 45 
a connecting member (17) on the inner flange (14) 
extending through the incision in the target vessel. 

18. The implanted stent of claim 17 wherein the con- 
necting member (17) comprises at least one prong so 
extending through a wall of the graft vessel and 
through the outer flange body (12). 

1 9. The stent of any one of the precedi ng claims where- 
in the outer flange (1 1 ) is configured to receive and 55 
secure an end of the graft vessel everted around 
the inner flange. 



14 




15 



EP 1 149 567 A2 




FIG. 2 
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FIG. 10 
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FIG. 18 
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FIG. 20 
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FIG. 24 
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